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Heat Transfer – Engineering Concept
• An engineer must account for 100% of the total amount of heat
transfer.
• All three modes of heat transfer (conduction, convection, and
radiation) must be accounted for.
• Often, there is a considerable amount of thermal energy loss through
insulation (by conduction) that must be accounted for.

Screven County Demographics
• Target Audience – High School
• 43.8% Minority (African American, American Indian, Hispanic, Asian)
• 27.0% in Poverty
• 81.0% HS graduate or higher, 13.3% bachelors degree or higher

Heat Transfer in Domestic Residences
• Why?

• In Screven county, electricity rates are significantly higher when compared
with neighboring counties as well the national average.
• As 27.0% of the persons in the county are in poverty the higher-than-average
electricity bills result in an economic burden on residents.

• How?

• Students will investigate the various modes of heat transfer that occur in the
home and how to reduce energy consumption using a wide variety of means.

Heat Transfer in Domestic Residences
• Classroom Activity

• Students will complete an energy
audit on the Power House.
• Students may consider:

• Solar thermal radiation from the sun
through windows
• Heat transfer through insulation.
• The use of wind and solar energy to
offset energy consumption.
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Georgia Standards of Excellence
• SPS7. Obtain, evaluate, and communicate information to explain
transformations and flow of energy within a system.

• a. Construct explanations for energy transformations within a system.
• b. Plan and carry out investigations to describe how molecular motion relates
to thermal energy changes in terms of conduction, convection, and radiation.
• c. Analyze and interpret specific heat data to justify the selection of a
material for a practical application (e.g., insulators and cooking vessels).
• d. Analyze and interpret data to explain the flow of energy during phase
changes using heating/cooling curve

Next Generation Science Standards
• MS-PS3-3. Apply scientific principles to design, construct, and test a
device that either minimizes or maximizes thermal energy transfer.* .
• Clarification Statement: Examples of devices could include an insulated box, a
solar cooker, and a Styrofoam cup.
• Assessment Boundary: Assessment does not include calculating the total amount
of thermal energy transferred.

Wind Energy – Engineering Concept
• An important consideration in the design of wind turbines is the
shape of the turbine blade itself.
• In order to improve the overall efficiency of power production by
wind turbines the blades themselves must be optimized.

Henry County Demographics
• Target Audience – High School Environmental Science
• 49.8% Minority (African American, American Indian, Hispanic, Asian)
• 9.9% in Poverty
• 89.6% HS graduate or higher, 27.0% bachelors degree or higher

Wind Turbine Blade Design
• Why?

• The power output of a wind turbine is a function of several different
parameters:
• Wind speed
• Atmospheric conditions
• Turbine blade design (profile, size, etc.)

• How?

• Students will investigate the voltage output of three different wind turbine
blade designs for a variety of wind speeds.

Wind Turbine Blade Design
• Think like a scientist.

• Where does wind come from?
How do we know it is there even if
we cannot see it?

Wind Turbine

• Think like an environmentalist.

• Why should we consider the use
of alternative energy sources (e.g.
wind)?

• Think like an engineer.

• How can we capture energy from
the wind and use it to generate
power?
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Georgia Standards of Excellence
• SEV3. Obtain, evaluate, and communicate information to evaluate
types, availability, allocation, and sustainability of energy resources.

• a. Analyze and interpret data to communicate information on the origin and
consumption of renewable forms of energy (wind, solar, geothermal, biofuel,
and tidal) and non-renewable energy sources (fossil fuels and nuclear
energy).
• b. Construct an argument based on data about the risks and benefits of
renewable and nonrenewable energy sources.
• c. Obtain, evaluate, and communicate data to predict the sustainability
potential of renewable and non-renewable energy resources.

Next Generation Science Standards
• HS-PS3-3. Design, build, and refine a device that works within given
constraints to convert one form of energy into another form of
energy.
• Clarification Statement: Emphasis is on both qualitative and quantitative
evaluations of devices. Examples of devices could include Rube Goldberg
devices, wind turbines, solar cells, solar ovens, and generators. Examples of
constraints could include use of renewable energy forms and efficiency.
• Assessment Boundary: Assessment for quantitative evaluations is limited to total
output for a given input. Assessment is limited to devices constructed with
materials provided to students.

Solar Energy – Engineering Concept
• Thermal radiation from the sun, or solar energy, can be used in a
wide variety of ways.
• For example, the solar energy can be used to generate electricity
(photovoltaic panels) or it could be used for water heating (flat plate
solar collectors).
• The efficiency of systems that capture solar energy can be improved
by looking at biologically-inspired designs.

Photovoltaic Panels
• Why?

• A problem with photovoltaic (PV)
power generation is the fact that
solar is an intermittent energy
source.
• Cloud coverage
• Night

• How?

• Students will investigate the
voltage output of a PV panel for a
range of conditions.
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Flat Plate Solar Collectors
• Why?

• The efficiency of flat plate solar
collectors could be increased
through the use of biologicallyinspired designs.

• How?

• Students will first investigate solar
water heating.
• Students will then explore
biologically-inspired designs.

Solar Water Storage
• Classroom Activity

• Students will explore the concept
of solar water heating by
measuring the temperature of a
black water reservoir as it is
exposed to solar energy.

Solar Water
Storage Tank

Next Generation Science Standards
• MS-PS3-3. Apply scientific principles to design,
construct, and test a device that either
minimizes or maximizes thermal energy
transfer.
• Clarification Statement: Examples of devices could
include an insulated box, a solar cooker, and a
Styrofoam cup.
• Assessment Boundary: Assessment does not
include calculating the total amount of thermal
energy transferred.

• MS-PS3-4. Plan an investigation to determine
the relationships among the energy
transferred, the type of matter, the mass, and
the change in the average kinetic energy of the
particles as measured by the temperature of
the sample.
• Clarification Statement: Examples of
experiments could include comparing final
water temperatures after different masses of
ice melted in the same volume of water with
the same initial temperature, the temperature
change of samples of different materials with
the same mass as they cool or heat in the
environment, or the same material with
different masses when a specific amount of
energy is added.

Biologically-Inspired Designs
• Engineers often use straight,
parallel channels to distribute
fluids.
• However, if we look to nature,
fluids are transported in treelike networks.
• Can we learn from nature, which
has evolved, to efficiently
transport water?

Shape and Structure in Nature

Shape and Structure in Nature
• Class Activity – Inquiry Based

• How can biologically-inspired
designs be used to increase the
efficiency of fluid transport in
engineering applications?
• Do all flow networks seen in
nature exhibit the same
characteristics? Why?

Next Generation Science Standards
• HS-LS1-2. Develop and use a model to illustrate the hierarchical
organization of interacting systems that provide specific functions
within multicellular organisms.
• Clarification Statement: Emphasis is on functions at the organism
system level such as nutrient uptake, water delivery, and organism
movement in response to neural stimuli. Assessment Boundary:
Assessment does not include interactions and functions at the
molecular or chemical reaction level.

Acknowledgements
• This material is based upon work supported by the National Science
Foundation under Grant No. 1609524
• Any opinions, findings, and conclusions or recommendations
expressed in this material are those of the author(s) and do not
necessarily reflect the views of the National Science Foundation

